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Abstract
The results of a survey of macroinvertebrate communities in the Ravenna Army Ammunition Plant, were used as an indicator of disturbance in streams flowing through or near the training areas at the Plant. The data were interpreted using the Invertebrate Community Index (ICI), a multiplemetric index developed by the Ohio Environmental Protection Agency and based on the structural and functional characteristics of the macroinvertebrate community.
Quantitative samples of the macroinvertebrate were collected for ICI determination from three streams South Fork Eagle Creek, Sand Creek, and Hinkley Creek flowing through the study area. These samples were collected using Hester-Dendy type artificial substrate samplers, which were placed in the streams during a 6-week sampling period, June 2 through July 15, 1998. A qualitative-dipnet sample from the natural substrates also was collected at each station on July 15, 1998, the last day of the sampling period.
The macroinvertebrate communities at all three stations met the criterion designated for warmwater habitat aquatic life use, and communities at two of the three stations exceeded the criterion. The ICI scores were 42 at South Fork Eagle Creek, 50 at Sand Creek, and 48 at Hinkley Creek. The density of macroinvertebrates at South Fork Eagle Creek was 1,245 per square foot and represented 38 distinct taxa. The density at Sand Creek was 246 per square foot and represented 29 distinct taxa. The density at Hinkley Creek was 864 per square foot and represented 36 distinct taxa.
Qualitative samples were also collected at 21 other sites using a D-framed dipnet. The qualitative sites encompassed three main environments: stream, pond, and swamp-wetland. All available habitat types in each environment were sampled until no new taxa were evident during coarse examination. The highest number of taxa were collected from the streams. The total number of taxa collected in streams ranged from 25 to 76; the mean was 60 and median 64. The total taxa collected from ponds ranged from 32 to 60; the mean was 42 and median 41. The total taxa collected from swamp-wetland areas ranged from 6 to 30; the mean was 20 and median 23. The results are listed in phylogenetic order in this report and establish baseline data for future studies.
Introduction
The Ohio Army National Guard trains troops on Areas A through H and J at the Ravenna Army Ammunition Plant (RVAAP), near Ravenna, Ohio ( fig. 1 ). Within the context of its training mission, the Ohio Army National Guard must conserve the biological diversity on the land and water under its jurisdiction. The Ohio Army National Guard strives to understand the natural resources at the RVAAP and to comply with Army Regulation 200-3 concerning fish and wildlife management. Chapter 6, section 7 of that regulation concerns habitat management and states, "Habitat management efforts will***conserve, protect, and sustain biological diversity while supporting the accomplishment of the military mission. Activities will be directed towards management to maintain healthy ecosystems, and restore degraded ecosystems to their historic functions and values" (Department of the Army, 1995) . Adherence to this conservation mandate requires sufficient data to determine the potential of an activity to cause an environmental disturbance and affect the biological communities. For example, movement of troops, equipment, and vehicles throughout the training areas may loosen soils and increase sediment loading to streams flowing through RVAAP. The movement of heavy vehicles during such exercises can increase considerably the amount of sediment leaving military boundaries (Sample and others, 1998) . These streams eventually flow into the Mahoning River and Michael Kirwan Reservoir. Thus, suspended sediments from training exercises may have adverse effects on downstream ecosystems (Trautman, 1981) .
In 1992, biologists working for the Ohio Department of Natural Resources surveyed the flora and fauna at RVAAR The report describing these results (Ohio Department of Natural Resources, 1993) included aquatic macroinvertebrates 1 only from the insect order Odonata. More data were needed on aquatic insects at RVAAP because such data can provide information on whether an area has been disturbed and how severe the disturbance is (Yoder, 1989) . Macroinvertebrate communities are good indicators of stream disturbance because the community is sedentary and sensitive to local activity (Berkman and others, 1986; Yoder, 1991) .
In response to the need for macroinvertebrate data, the U.S. Geological Survey (USGS), in cooperation with Ohio Army National Guard, surveyed the macroinvertebrates in three streams at RVAAP. Principal products of the survey were a taxonomic list and an Invertebrate Community Index (ICI) profile, both of which will facilitate environmental planning for
Macroinvertebrates are defined as animals that lack a backbone and are too large to pass through a U.S.A. Standard No. 30 sieve, 600 micrometer-mesh (0.6-mm).
training activities and construction on lands in RVAAP, and will provide baseline data useful for comparing pre-and post-training or construction activities. The ICI, developed by the Ohio Environmental Protection Agency (OEPA) for use in Ohio waters is considered more accurate than would be similar indices designed and developed for regional or national analyses (Rankin, 1995) . In addition, the macroinvertebrate stations established by this survey, both quantitative (ICI) and qualitative, can be used for land-condition trend analysis as part of the National Guard Bureau policy on the Integrated Training Area Management program and environmental stewardship. This program provides guidance to the Army National Guard for optiumum use of training areas while sustaining and protecting the biological integrity of those areas.
Purpose and scope
This report presents the results of the USGS survey of macroinvertebrates at RVAAP. Specifically, the report summarizes the biological integrity of 3 streams and presents qualitative data from 21 other sites. The study was executed in stages, as follows:
1. Hydrologic data were used to choose ICI sampling locations in the drainages of the training areas. 2. Artificial-substrate samplers were set at ICI stations for 6 weeks. 3. Trees and vegetative communities were identified at the ICI stations to provide background information on each station and its riparian corridor. 4. Artificial-substrate samplers were retrieved and a qualitative sample was collected at each ICI station. 5. Qualitative samples were collected at other RVAAP locations. 6. The data from the ICI stations were interpreted to determine whether training activities caused biological disturbances to the receiving streams, and if so, to assess the magnitude of the disturbances. A total of 27 macroinvertebrate samples, 3 quantitative and 24 qualitative, were collected. The 3 quantitative samples and 3 of the 24 qualitative samples were used for ICI calculations. The 6-week sampling period for quantitative samples was June 2 through July 15, 1998. The 24 qualitative samples were collected from July 13 through July 30, 1998. Only 1 quantitative and 1 qualitative sample were colintroduction lected from the 3 ICI stations, and a single qualitative sample was collected from each of the 21 other sites.
Description of study area
RVAAP is in northeastern Ohio, in eastern Portage County and western Trumbull County ( fig. 1 ). The city of Ravenna is about 1 mi west of RVAAP. Water flowing from RVAAP drains into the basin of West Branch Mahoning River. The major streams on RVAAP are Hinkley Creek, which flows southward through the western part; Sand Creek, which flows eastward through the center; and South Fork Eagle Creek, which flows eastward along the north boundary to a confluence with Sand Creek (fig. 2 ). The watersheds of these three streams cover about 14,700 acres or 69 percent of RVAAP (Schalk and others, 1999) . The Ravenna Army Ammunition Plant is in the Erie/ Ontario Lake Plain (EOLP) ecoregion (Omernik, 1987) . The ecoregion is characterized as follows:
The land-surface form is an irregular plains and tableland having a gentle slope, lying on a glacial plain underlain by sandstone and siltstone. The soil parent material is a low-lime glacial drift.
The soils are mostly Udalfs and Aqualfs, somewhat poorly drained and formed in fine textured glacial till and lacustrine sediments. Potential natural vegetation is beech-maple and oak-hickory forest. In moist areas, the associated species are American basswood, American elm, red maple, eastern hemlock, white ash, black cherry, white pine, northern red oak, balsam fir, and white spruce. In wetter areas, American elm, black ash, and red maple are dominant species, and silver maple, pin oak, swamp white oak, sycamore, tupelo, and cottonwood are less abundant (Larsen and others, 1986, 1988; Whittier and others, 1987) . Braun (1989) classified woody vegetation in this region as beech-maple forest. The land use is a mixture of agricultural, residential, and woodland areas. 
Previous studies
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Methods of study
Macroinvertebrates were sampled once at the 3 Invertebrate Community Index (ICI) stations and the 21 qualitative sites in June and July 1998. The 6-week sampling period for the ICI stations June 2 through July 15, 1998 began earlier than the usual June 15 starting date for the methods used in this study because streamflows were lower than normal owing to a lack of rainfall. The OEPA collects Hester-Dendy samples following a 6-week colonization period 81°07'30"
RAVENNA ARMY ^AMMUNITION PU\NT
Base from U.S. Geological Survey Ravenna, photorevised, 1970; Windham, photorevised 1979; Newton Falls, photorevised 1979 that begins after June 15 and ends sometime before October 15 (Ohio Environmental Protection Agency, 1987) . The 21 qualitative samples were collected July 13 through July 30, 1998. The ICI was developed by the Ohio Environmental Protection Agency and has become a widely accepted method to measure the condition of macroinvertebrate communities. It is modeled after the Index of Biotic Integrity, a method developed by Karr (1981) to measure the condition of fish populations (Ohio Environmental Protection Agency, 1987) . The strength of the ICI is that the user can compare a biological community in a study stream to other communities from reference streams with basins of similar size and in the same ecoregion (Karr and others, 1986; DeShon, 1995) . ICI scores are consistently reproducible because the index is designed to dampen or eliminate the influences of substrate and habitat variability (Jack Freda, Ohio Environmental Protection Agency, oral commun., 1999) .
The ICI consists of 10 scoring metrics that describe various aspects of macroinvertebrate community composition (table 1) . Data are collected for each metric at each site and are evaluated by what is expected at an unimpacted or relatively unimpacted (reference) station on a stream in a similar-sized basin and in a comparable geographic region. Each metric receives a possible score of 6, 4, 2, or 0 points. Six points are given for a metric having a value comparable to streams with exceptional macroinvertebrate communities, and a zero is given for a metric deviating far below the range of values considered to be representative of streams having "good" water quality. The ICI of a given sample in the EOLP ecoregion compares the total of the 10 metric scores to a data base of 45 reference stations that are periodically resampled by the Ohio Environmental Protection Agency, Division of Surface Water.
Nine ICI stations were proposed for the survey; however, a drought (estimated recurrence interval of 10 years to 20 years) that began in May 1998 eliminated seven of the original nine sites proposed (Owenby and Ezell, 1992; Willeke and others, 1994) . Until this time, rainfall at Ravenna, Ohio, had been normal or above normal. The eliminated stations lacked either adequate depth or current velocity for sampling. (The water at each site must be adequate to cover the artificial samplers for 6 weeks, and a minimum of 0.3 ft/s current velocity is preferred.) The South Fork Eagle Creek station, not among the original nine, was chosen after the seven proposed stations were found unsuitable for artificial samplers. Thus, a total of three stations ( fig. 2) were judged suitable for artificial-substrate sampling. The stations were chosen to represent major streams and tributaries in the training areas. On each stream, the stations were located upstream of either a confluence or an outflow point from a training area.
Quantitative samples were collected using modified Hester-Dendy (HD) samplers (Hester Table 1 . Community metrics of the Invertebrate Community Index (ICI) [A score of 6, 4, 2, or 0 is assigned to each metric value and is based on the deviation from reference conditions. Each metric is calibrated for drainage area, in square miles] An ICI sampling unit consists of five HD samplers attached to a single concrete block. At each station, two units of samplers are set. Only one unit of five samplers is used for collecting macroinvertebrate data; the second unit is collected only if the first is damaged or missing. During the 6-week sampling period, aquatic macroinvertebrates colonize the available spaces provided by the artificial substrate. The five HD samplers are retrieved and preserved in 10 percent formalin as individual units and are later combined to form a composite sample by the laboratory identifying the samples. From these results, the density of macroinvertebrates per square foot can be determined, as well as a taxonomic list and an ICI score.
Metric Description
The USGS National Water Quality Laboratory, Biological Group, processed and identified the macroinvertebrate samples. Quantitative samples were processed using a 500 fixed-count organism subsampling method and a 425-micrometer-mesh (0.4-|im) sieve. This method follows a random grid and picking approach. Grids are selected by random number until 500 organisms (± 20%) are picked. A picked sample then received a standard taxonomic assessment that identifies most macroinvertebrate groups to the genus level. The exceptions are worms and leeches, identified to the family level, and some aquatic insects identified to the species level. The life-stage and condition of each organism determines which level of taxonomy is possible. The organism must be mature enough to exhibit key features, and these features need to remain undamaged through collecting and processing.
Qualitative samples are collected using a 600-micrometer-mesh (0.6-|im) dip net. The net is used in all available habitats at a given site for about 30 minutes. One qualitative sample was collected at each site on the day that the artificial samplers were retrieved. Qualitative samples are processed through a 2-hour visual sort and standard taxonomic assessment. Sorting is based on organism maturity, condition, and life stage (larva, pupa, adult). The taxa sorted are identified without enumeration.
Qualitative sampling is a substrate-and habitatdependent method (a method affected by the variety of natural substrates and habitats available). ICI metric 10 is based on qualitative results and is a measure of both habitat quality and diversity, as well as water chemistry (DeShon, 1995) . Qualitative samples were also collected at 21 additional sites throughout the nonsensitive areas of RVAAP. A qualitative sample does not represent a defined area. The number of taxa reported at each qualitative station represents the same level of taxonomy as for quantitative samples.
Trees and shrubs were identified in the field. Twig and leaf samples from those species not common or easy to identify were collected and identified later by the author. Braun (1989) and other systematic sources were used to confirm identifications. The known distribution of some species was discussed with an expert on woody plants (Allison Cusick, Ohio Department of Natural Resources, Division of Natural Areas and Preserves). Information on the tree and shrub community growing along a stream, particularly the age and diversity of the community, can reveal disturbances and land-use practices. A mature and diverse tree and shrub community protects and nurtures a stream by shading the channel from direct sunlight, adding nutrients, and inhibiting soil erosion and contamination from surface runoff.
Aquatic macroinvertebrates collected at Ravenna Army Ammunition Plant
Where possible, identifications were made to species level. For some groups, such as Diptera, keys were not available to describe a macroinvertebrate to the species level; thus, identifications were to the genus level. Taxonomic levels for damaged or immature macroinvertebrates may also be above the species level because identifying features may have been absent or undeveloped. Counts of taxa included those identified to the lowest levels (for example, genus or species) but excluded taxa for which some of the specimens could not be identified further due to their condition or maturity. Thus, actual numbers of taxa at each site could be somewhat higher than those reported here. The taxa lists and ICI computations in this report were reviewed by staff of the Ohio Environmental Protection Agency, Division of Surface Water, Monitoring and Assessment Section, and judged valid (Jack Freda, Ohio Environmental Protection Agency, written commun., 1999).
Field conditions and sampling results at invertebrate community index (ICI) stations
The field conditions during the 6-week sampling period are listed in table 2. These conditions were recorded during three field trips. During the first trip, June 2, the HD samplers were set. On the second trip, June 23 (the halfway point for the 6-week sampling period), the ICI stations were checked for adequate depth and velocity. The third trip, July 15, was the end of the sampling period. Station photos taken during the field trips are shown in figures 3-8.
A qualitative sample was collected on July 15, 1998, at each ICI station after the five HD samplers were retrieved. The qualitative data collected at each ICI station were necessary to calculate the tenth metric. The pollution sensitive members of Ephemeroptera, Plecoptera, and Trichoptera (EPT) were interpreted to distinct taxa.
The macroinvertebrate values and resulting scores for each of the 10 metrics are listed in table 3. In parentheses are the ICI scores assigned to these metric values. The total of the 10 metric scores is the index. A taxonomic list of macroinvertebrates collected quantitatively with HD samplers is presented in the appendix (table A-l).
Station 1: South Fork Eagle Creek at North Perimeter Road. Station 1 is on South Fork Eagle Creek at North Perimeter Road (figs. 1, 3, 4). Railroad tracks run north of, and parallel to, North Perimeter Road ( fig. 1 ). The drainage area above the station is 22.4 mi". The stream makes a sharp bend just upstream from the North Perimeter Road bridge. A deep pool (3.9 ft) lies at the foot of this bend. Thick sand deposits line both banks at this site, and orange precipitate is deposited along the edges of the pool. Remnants of a debris line lies high on the banks and in the fence just downstream from the bridge.
The riparian corridor farther upstream from this (6) 2 (0) 4 (6) 23 (6) 23.0% (4) 2.1% (2) 24.3% (6) 50.0% (2) 0.7% (6) 9 (4) 42 2 29 (4) 4 (2) 1 (4) 20 (6) 43.4% (6) 2.3% (6) 23.7% (6) 30.5% (4) 0% (6) 21 (6) 50 3 36 (4) 4 (2) 6 (6) 20 (6) 14.4o/ 0 (4)
1.7% (6) 35.3% (6) 47.9% (2) 2.9% (6) 15 (6) 48 station is inhabited by a dense growth of mature trees and brush. The trees fortify the sandy banks and provide a thick canopy to shade direct sunlight. At the station, however, no trees grow on the banks because right-of-way clearing to maintain the bridge and the north border fence have kept trees from growing close to the stream. Platanus occidentalis (American sycamore) grow at the edge of the right-of-way, but not close enough to protect the banks. Erosion has felled some trees on the right bank (looking downstream), upstream from the bridge. The banks are collapsing in the sections lacking woody vegetation.
The HD samplers were set on June 2, 1998, approximately 3 ft upstream of the bridge. The bridge shaded the samplers from afternoon sunlight, when the sunlight intensity was greatest. The channel is quite shallow at the bridge. The only place deep enough for HD samplers was a small scour hole adjacent to and behind several pieces of concrete riprap. Other sections of this stream lacked sufficient velocity or depth.
A total of 6,223 (1,245 /ft2) macroinvertebrates, from 38 distinct taxa, were collected with five HD samplers at station 1. The ICI for station 1 is 42 (table 3) , which reflects good to very good water quality and means the macroinvertebrate community at station 1 met the ICI criterion for warm-water habitat aquatic life use 1 ; that is, the 25th percentile of ICI values for the 45 reference sites in the EOLP ecoregion. Attainment means a stream meets the "fishable/swimmable" goals set by the Water Quality Act of 1987 (Ohio Environmental Protection Agency, 1987) .
Station 2: Sand Creek at George Road. Station 2 is on Sand Creek at George Road (figs. 1, 5, 6).
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The drainage area above the station is 4.3 mi .A powerline right-of-way was maintained along the east side of George Road. The powerline poles were cut down and the line dropped in May 1998. Pioneering trees and shrubs grow in the former right-of-way. These species include Rohinia pseudoacacia (black locust), Salix nigra (black willow), Fraxinus americana (white ash), Ulmus americana (American elm), and Viburnum sp. More mature trees, 12 in. or more in diameter, grow beyond the right-of-way; their canopy shades the stream and their roots protect the banks. Dominant species include Quercus rubra (red oak), Acer rubrum (red maple), Liriodendron tulipifera (yellow poplar), Acer saccharum (sugar maple), and Primus serotina (wild black cherry).
The canopy is dense beyond the former right-ofway. Dominant species growing in this riparian corridor are red maple, red oak, yellow poplar (in the canopy), black locust, black willow, white ash, American elm (in the more open right-of-way), wild black cherry, and sugar maple. Andreas (1980) describes the plant community here as a more advanced stage of the red maple woods or one that inhabits drier ground (Ohio Department of Natural Resources, 1993). Andreas (1980) also reports that the black locust is common as an edge species, sometimes growing dense enough along roads and rights-of-way to hide the plant communities a short distance away. Black locust trees grow on the ends of the red maple communities inhabiting the powerline and George Road right-of-way.
Station 2 is about 100 ft downstream (east) of the George Road bridge. The dense canopy shades this station from direct sunlight, although water temperatures can rise considerably in the afternoon (table 2) . The channel is primarily bedrock. The HD samplers were placed on the left edge of a man-made pool measuring roughly 16 by 20 ft. Numerous boring holes mark the drilling points where someone removed bedrock to create the pool. The pool may have provided a domestic water supply or the cooling source for a springhouse, or the removed slabs of bedrock could have been used for a building foundation.
A total of 1,229 (246 /ft2) macroinvertebrates, from 29 distinct taxa, were collected with the five HD samplers at station 2. A score of 50 reflects very good to exceptional water quality and means the macroinvertebrate community at station 2 exceeds the ICI criterion designated for warm-water habitat aquatic life use.
Station 3: Hinkley Creek at South Patrol Road. Station 3 is on Hinkley Creek where it flows through two 5-ft culverts under South Patrol Road (figs. 1, 7, 8). The drainage area above the station iŝ 4.6 mi . Debris upstream from the culverts directed more of the flow through the right culvert, where the velocity was greater. The channel opens and a pool forms where the culverts empty into Hinkley Creek. The pool is approximately 15 ft wide and 30 ft long and 2.5 ft deep. The channel then narrows at the tail of the pool before flowing under the fence downstream from the culverts.
This station lacks mature trees in the riparian corridor. The banks are not well reinforced by woody vegetation and are collapsing in places near the South Patrol Road bridge. The left bank has young willows growing on it, giving the bank soils some reinforcement. Herbaceous vegetation growing on the right bank does not reinforce the soils because the roots do not grow as deep or as dense as woody vegetation does. Hence, the right bank has collapsed in several places and will likely continue doing so during high streamflows.
The surrounding landscape is more open here at station 3 than at the other ICI stations. The trees are younger and more varied, as if repopulating lands that were previously maintained as open fields. Andreas (1980) classified the general area of this site as a mixed swamp forest community and reported that the disturbed areas along roads and railroad tracks are often inhabited by young examples of a mixed swamp forest.
The riparian corridor has been maintained as a right-of-way for South Patrol Road and a chain-link fence that runs south of the road and parallel to it. Because the riparian corridor is maintained as a rightof-way, no large trees are growing between South Patrol Road and the fence, and the continuous disturbance from maintenance prevents a mixed swamp forest from establishing. The dominant species associated with the early stages of this community are American elm, Populus tremula (quaking aspen), Nyssa sylvatica (black gum), Quercus palustris (pin oak), and red maple. The upstream corridor is less disturbed and supports a young and growing example of a mixed swamp forest as described by Andreas (1980) . Boulders and riprap are strewn about downstream from the culverts. Upstream from the culverts young trees and shrubs (American elm, red maple, Cephalanthus occidentalis (button bush), and Viburnum sp.) are growing along the riparian corridor. Together these trees and shrubs shade approximately 70 percent of the upstream channel. Downstream from the culverts, Elaeagnus sp., a shrub, grows on the right bank. The shrub shades a small part of the stream and provided the only canopy cover at this site.
The HD samplers were set approximately 10 ft downstream from the right culvert (looking downstream), in the deepest part of the channel between the culverts and the pool. This location is also directly under the Elaeagnus sp. shrub, which provided shade fin the afternoon when the sunlight intensity is greatest.
A total of 4,320 (864 /ft2) macroinvertebrates, from 37 distinct taxa, were collected with the five HD samplers at station 3. The ICI for this station is 48.
A score of 48 reflects very good to exceptional water quality and means the macroinvertebrate community exceeds the criterion designated for warm-water habitat aquatic life use.
Comparisons between ICI stations, based on index metrics
Metric 1: Total number of taxa. A healthy macroinvertebrate community supports a high number of taxa (species richness). Disturbed communities support fewer numbers of taxa; these are often pioneering types that thrive in less hospitable environments but cannot compete within more diverse communities when conditions improve.
The highest number of taxa was collected from station 1 (38), the next highest number was from station 3 (36), and the lowest number was from station 2 (29). Some sensitive taxa may have abandoned station 2 during the 6-week sampling period. During this time, the velocity at station 2 dropped from 0.412 ft/s to 0.218 ft/s, which is below the sampling criterion of 0.3 ft/s (table 2) .
Metric 2: Number of mayfly taxa. Mayflies live in a wide variety of running-water habitats and thrive in rocky-bottom, headwater streams (Edmunds, 1984) . Mayflies are pollution sensitive and often the first group to decline and disappear from artificial substrate when their environment is disturbed (DeShon, 1995) . Their sensitivities make them good indicators of water quality.
Four mayfly taxa were collected at station 2 and at station 3. Two mayfly taxa were collected at station 1. These taxa represent four families of mayflies from station 3, three families from station 2, and two families from station 1. Leptophlebiidae was the most abundant family at all three stations. Heptageniidae was the second most abundant family.
Metric 3: Number of caddisfly taxa. Caddisfly larvae are important mechanisms in transferring energy (nutrients) in aquatic ecosystems, and they are often indicators of environmental quality (Garono and MacLean, 1988) . Caddisflies are generally less sensitive to pollution than mayflies and are often a more dominant group in a macroinvertebrate community.
Six caddisfly families were collected from station 3, four families from station 1, and one family from station 2. Polycentropodidae was a dominant family at all three stations, although Hydroptila sp., in the family Hydroptilidae, was the most abundant at station 1.
Metric 4: Number of Diptera taxa. The order Diptera is large and as a group is the most diverse in habitat preference and pollution tolerance (Ohio Environmental Protection Agency, 1987) . Because Diptera display such a wide range of pollution tolerances, from sensitive to very tolerant, they are quite valuable for evaluating water quality. Diptera normally dominate a macroinvertebrate sample collected by OEPA methods and may also be the only insects collected from very disturbed areas (DeShon, 1995) .
Diptera larvae occur in almost every type of aquatic habitat. They swim or suspend themselves in the water column, live among or attached to aquatic vegetation, and live in the mud, sand, or gravel or attach to rocks. Diptera undergo complete metamorphosis: from an egg, to a larva, to a pupa, then to an adult (Teskey, 1984) . All three stations supported diverse populations of Diptera: 23 taxa at station 1, 20 taxa at station 2, and 20 taxa station 3.
Metric 5: Percent mayflies. Because mayflies as a group are pollution sensitive, the number of mayflies in a sample can be affected by even minor disturbance (DeShon, 1995) . Therefore, the percentage of mayflies in a macroinvertebrate community is a good indicator of water quality.
The highest percentage of mayflies was collected from station 2 (43 percent), the second highest percentage was collected from station 1 (23 percent), and the lowest percentage was collected from station 3 (14 percent).
Metric 6: Percent caddisflies. The number of caddisfly taxa and their percentage in a macroinvertebrate community often correlates with stream size, channel character, and food availability (Vannote and others, 1980) . Polycentropodidae, a dominant caddisfly family at all three stations, and Hydropsychidae construct nets at the ends of their retreats (shelters) to strain food items from the water. They are dependent on flowing water to bring food to their fixed retreats. Hydroptilidae, common to station 1 and station 3, construct portable, purse-shaped cases and live in forms of permanent water, including lakes and streams, feeding primarily on algae (Wiggins, 1984) .
Caddisflies are intermediate in pollution tolerance between the sensitive mayflies and more tolerant members of Diptera. The percentage of caddisflies was about 2 at all three stations.
Metric 7: Percent Tanytarsini midges. The Tanytarsini are a tribe of midges in the order Diptera. These midges are distinguished from other Diptera in the ICI because of their general sensitivity to pollu-tion. Tanytarsus sp. was the most abundant genus at all three stations. The members of this genus are clingers and burrowers and construct tubes out of available material, such as sand and silt and sometimes detritus, often spinning nets at the ends of their retreats (Coffman and Ferrington, 1984) . Paratanytarsus sp. and Rheotanytarsus sp. were the next most abundant genera. Paratany tarsus sp. is a collector-gatherer and Rheotanytarsus sp. is a collector-filterer. Stempellinella sp., a genus of collector-gatherers, was common at all three stations, but not as abundant as some of the other Tanytarsini.
The percentage of Tanytarsini midges collected from all three stations was exceptional: 24 percent at stations 1 and 2, and 35 percent at station 3.
Metric 8: Percent other Diptera and noninsects. Metric 8 includes all other members of Diptera not belonging to the tribe Tanytarsini. It also includes non-insect members of the community such as hydra, snails, amphipods, and worms. Metric 8 is the first of two negative metrics used in calculating an ICI. A high percentage in this metric means a low score. Although the members representing these groups inhabit healthy communities, they often dominate the communities that have been disturbed.
The lowest percentage (30) was collected from station 2, the second highest percentage (48) was collected from station 3, and the highest percentage (50) was collected from station 1.
Metric 9: Percent tolerant organisms. Metric 9 is the percentage of organisms listed as tolerant by the Ohio Environmental Protection Agency (1987) . Those common to Ohio survive through a wide range of disturbances. Tolerant organisms dominate HD samples collected from areas with severe disturbance from toxic substances or gross organic enrichment (DeShon, 1995) . As with metric 8, this is a negative metric where a high incidence results in a low score. Disturbed areas will have dominant populations of these groups.
All stations scored 6 (exceptional) for metric 9. The least percentage of tolerant organisms (0) was collected from station 2, where only one organism was found; the second lowest percentage (0.7) was collected from station 1, and the highest percentage (2.9) was collected from station 3.
Metric 10: Qualitative EPT taxa. Metric 10 is based on a qualitative sample collected the day that the HD samplers were retrieved. The EPT represents mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies (Trichoptera). The value is the total number of taxa (species richness) from these groups added together. The EPT is dependent on water chemistry as well as habitat; it reflects both the quality and diversity of habitat available at each station.
For the streams in RVAAP, EPT values scored good (4) to exceptional (6). Station 2 was highest with an EPT of 21 taxa; station 3 had 15 taxa, and station 1 had 9 taxa. One of the EPT taxa collected at station 1 was Stenacronpallidum. This mayfly, collected with a D-framed dipnet, was the first recorded find of this species in Ohio (Randolph and McCafFerty, 1998) .
Qualitative samples
Qualitative samples of macroinvertebrates were collected from 24 locations. The names and coordinates for these locations are listed in table 4. Stations 1, 2, and 3 were ICI stations sampled both quantitatively with HD samplers and qualitatively with a D-framed dipnet. Sites 4-24 were only sampled qualitatively. The qualitative taxa lists were generated by the USGS National Water Quality Laboratory, Biology Group, the laboratory identifying the samples (appendix; table A-2). Macroinvertebrate presence is denoted by a "+" and their absence by a "--". When two or more organisms from the same group (such as family or genus) are reported at the same site, these organisms represent several levels of taxonomy and cannot be considered distinct taxa. A delineation to the number of distinct taxa would be less than the number now reported at each qualitative station. Therefore, the total taxa reported for each qualitative sample represents the number of identities, not distinct taxa.
The qualitative sites encompassed three main environments: stream, pond, and swamp-wetland. The highest number of taxa were collected from the streams. The total number of taxa collected in streams ranged from 25 to 76; the mean was 60 and median 64.5. The total number of taxa collected from ponds ranged from 32 to 60; the mean was 42 and median 41. The total number of taxa collected from swamp-wetland areas ranged from 6 to 30; the mean was 20 and and median 23 (table 4) .
The stream sample with the greatest diversity (76 taxa) was collected at site 13, South Fork Eagle Creek at the Hemlock Gorge. Station 13 lies in a hemlock-white pine-northern hardwoods forest community. This forest association is common in the Allegheny Plateau section of Ohio (Anderson, 1982; Braun, 1989) , where streams cut ravines through limestone and shale outcrops, but uncommon elsewhere in Ohio. Station 13 is a diverse area, rich in habitat, a fact supported by the diverse sample collected there. The stream sample with the least number of taxa (25) was collected from site 5, Unnamed Tributary at Gaging Station in Training Area C. A thorough sampling was not possible at this site because the stream is not wadeable at the former gaging station. Silt levels made wading too dangerous, so the sample was collected from the banks.
The pond sample with the greatest diversity (60) was collected at site 12, Pond at North Perimeter Road. This pond is fed by an unnamed tributary to South Fork Eagle Creek. It is inhabited by dense stands of vascular aquatic plants, which are valuable to aquatic life.
Two pond samples tied for the least number of taxa (32) collected: site 7, Pond in Training Area B and site 23, Water Works Pond 3. Site 7 is a new pond constructed for catching sediment. Site 23 is an old pond, probably once used as a water supply. Neither pond supported much habitat, in particular, vegetation; however, neither pond was designed to do so (U.S. Department of Agriculture, 1988) .
The swamp-wetland area with the greatest number of taxa (30) collected was station 18, Wetland North at Demolition Road in Training Area G. It is a large wetland, rich in vegetation and black muck.
The least numbefaf taxa (6) collected from the swamp-wetland areas was site 8, Beaver Swamp at Load Line 12. This swamp was in the late stages of succession and offered little diversity in habitat. Beaver dams at the site had been abandoned, and the water level was low. The sample was collected during a hot afternoon when the water was hot to the touch. Solar radiation heated the shallow water and dark sediment to extreme levels, which may explain the low diversity at this site.
Summary and conclusions
The macroinvertebrate communities at the Ravenna Army Ammunition Plant were investigated. Three Invertebrate Community Index (ICI) stations were established to collect quantitative and qualitative samples. Qualitative samples were also collected at 21 additional sites, including streams, ponds, and wetland areas. The data supplement earlier biological studies that either did not survey macroinvertebrates or, if macroinvertebrates were surveyed, did not report results in an interpretive manner. The results of this study establish baseline conditions for future studies such as Integrated Training Area Management plans and Land Condition Trend Analysis special-use plots.
The macroinvertebrate communities at all three ICI stations met, and at two stations exceeded, the criterion established for warm-water habitat aquatic life use. An ICI score of at least 34 is necessary to attain this status in the Erie/Ontario Lake Plain ecoregion.
Station 1, South Fork Eagle Creek at North Perimeter Road, received an ICI score of 42; station 2, Sand Creek at George Road, received the highest ICI score of 50; and station 3, Hinkley Creek at South Patrol Road, received a score of 48.
The qualitative results were more varied, a finding that could be expected from the wide-ranging types of aquatic habitat that were sampled at RVAAP. The results establish baseline data for these stations.
In addition to the ICI score, three metrics separate station 2 from the rest. The percentage of mayflies (metric 5) was nearly twice that of stationl and three
times that of station 3. The percentage of other dipteran and non-insect organisms (metric 8) was least at station 2. Lastly, the number of EPT taxa (metric 10) at station 2 was outstanding for a small stream and much higher than the other stations. The ICI score and these metrics in particular indicate that Sand Creek at George Road has exceptional water quality and habitat to support aquatic macroinvertebrates.
The macroinvertebrate communities at station 1 and station 3 were also healthy and diverse, although these stations were not as well protected by a dense riparian corridor. Road and right-of-way maintenance removed trees and vegetation from corridors surrounding stations 1 and 3. The mature trees growing in the riparian corridor at station 2 provide shade and nutrients, fortify the bank with their roots, and filter suspended soils and contaminants. Comparing figures 4 and 8 to figure 6 demonstrates how much protection is provided by the riparian corridor.
All three stations had ICI scores as high or higher than some reference stations in the Erie/Ontario Lake Plain ecoregion of Ohio. The results of this survey indicate the training activities at the Ravenna Army Ammunition Plant are not disturbing the macroinvertebrate communities at South Fork Eagle Creek, Sand Creek, or Hinkley Creek. Station 1, the station with -the lowest ICI score, was also the station where the first Ohio record of Stenacron pallidum was collected. The table is arranged in phylogenetic order as assigned by the USGS National Water Quality Laboratory, Biological Unit; \ Phylum; 2, Class; 3 , Tanytarsini; 4 , Suborder; 5 , tolerant organism; , not found at site; Quant., Quantitative sample representing the number of organisms collected from 5 ft" of artificial substrate (five HD samplers composited). Qual. Qual. Qual.
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ORDER FAMILY TAXON
Turbellaria" Gastropoda2
Pelecypoda" The table is arranged in phylogenetic order as assigned by the USGS National Water Quality Laboratory, Biological Unit; ', Phylum; ~, Class; 3 , Tanytarsini; 4 , Suborder; , not sampled at site; Qual., Qualitative sample.
